Background: Urinary bladder dysfunction is a major complication of diabetes mellitus and its mechanism has been attributed to autonomic and/or peripheral neuropathy. Objectives: Evaluation of diabetes mellitus and neuropathy effect on the urinary bladder dynamics in children and adolescents with Type 1 diabetes mellitus. Patients and Methods: The study included 80 children and adolescents with Type 1 diabetes for at least 5 years; 60 patients were with manifestations of autonomic and/or peripheral neuropathy and 20 patients were free of either. We assessed both groups for presence of cystopathy by means of uroflowmetry and cystometry. Results: All patients with diabetic neuropathy had abnormal urodynamic test results of variable types and degrees with bladder hypercompliance as the most frequent abnormality. Other urodynamic abnormalities were found in both diabetic patients' groups with no significant difference in frequency. Conclusions: Diabetic neuropathy might be strongly related to urodynamic abnormalities particularly the bladder hypercompliance. Some diabetic patients may have cystopathy in absence of evident neuropathy. This may be due to undetected neuropathy or diabetes induced myopathy of the detrusor muscle.
INTRODUCTION
Poly-neuropathy is the most common late diabetic complication and is more frequent and severe in Type 1 diabetic population [1] . Diabetic autonomic neuropathy is perhaps occurring as frequent as diabetic peripheral neuropathy, and it is manifested by dysfunction of one or more organ systems (e.g., cardiovascular, gastrointestinal, sudomotor or genitourinary system) [2, 3] . Diabetes is associated with an earlier onset and increased severity of urologic complications including urinary bladder dysfunction (diabetic cystopathy) [4] . The mechanism of diabetic cystopathy has been attributed to altered neurological function (autonomic and/or peripheral neuropathy) [5] . Diabetic cystopathy has been classically described as a problem of impaired sensation of bladder fullness, increased bladder capacity, reduced detrusor contractility and impaired bladder emptying with resultant increased postvoiding residual urine [6] . However, the classical characteristics of diabetic cytopathy have not always been observed in diabetic patients who demonstrate varied presentations [7] . Diabetic cystopathy is frequently not recognized by patients and their physicians due to its insidious development and inconspicuous symptoms that may start early in the course of diabetes mellitus, but definite lower urinary tract symptoms do not appear until the disease is in an advanced stage [6, 8] . So, the prevention of secondary complications of diabetic cystopathy such as recurrent urinary tract infections, bladder diverticulae, vesicoureteric reflux, nephrolithiasis, and pyelonephritis requires full medical attention as well as early urodynamic diagnosis [9] . Hence, the aim of this work was to evaluate the effects of diabetes and diabetic neuropathy on the urinary bladder of Type 1 diabetic children and adolescents, in whom the urologic complications
PATIENTS AND METHODS

Patients
The present study included 80 children and adolescents suffering from Type 1 diabetes mellitus for 5 years or more and regularly following up in the Specialized Pediatric Diabetes Clinic, Children's Hospital of Ain Shams University, Cairo, Egypt. Sixty diabetic patients with manifestations of autonomic and/or peripheral neuropathy were included as patients' group and twenty diabetic patients free of autonomic or peripheral neuropathy were presented as control patients' group. 300 Type 1 diabetic patients were screened for eligibility criteria and served as the population from which the 80 patients were selected. They included 38 males and 42 females with their ages ranging between 6 1/2 and 18 years with a mean of 13.58 years. The study was conducted during the period from August, 2006 to April, 2008, inclusive. The study was approved by the ethical committee of Ain Shams University. All patients' parents signed an informed consent agreeing to the nature of the study though many of them didn't approve the urodynamic study. Excluded patients were: patients with history of urologic disease such as stricture urethra, posterior urethral valve and meatal stenosis, patients with neurologic disease such as transverse myelitis or meningomyelocele, patients who underwent previous spinal cord operation or previous pelvic operation that might injure the presacral nerve plexus as surgical correction of imperforate anus, patients with urinary tract infection at time of the study until treated and patients with psychological disorders.
Methods
All patients in the study were subjected to full medical history taking and thorough clinical examination. Full neurologic examination, cardiovascular autonomic function tests and nerve conduction studies were done to select patients with neuropathy to be the patient cases and those without neuropathy to represent the control patients' group. Pelviabdominal ultrasonography, uroflowmetry, urine analysis and urine culture were done to all patients. Among the 80 patients who underwent the study, 36 patients (33 males and 3 females) had completed the urodynamic studies (filling cystometry and pressure-flow study). The remaining 44 patients (5 males and 39 females) had their bladder ultrasonography and uroflowmetry studies normal and the parents refused to subject their children to complete the invasive urodynamic studies.
Cardiovascular autonomic function tests (heart rate response to deep breathing, Valsalva maneuver and standing up as well as blood pressure response to standing up and sustained hand grip) were done in the morning with stable blood glucose level where the fasting blood glucose level was not to exceed 130 mg/dl. Patients were not allowed to exercise or take drugs, alcohol, caffeine and tobacco products for 24 hours before the tests. Patients performed the tests after an overnight fast without taking the morning insulin dose and after doing the tests patients were allowed to take their insulin dose and have their breakfast [10] . The tests were based on measuring the reflex changes in heart rate and blood pressure in response to standardized stimuli [11] [12] [13] [14] . The heart rate was measured continuously during the first three procedures by an ordinary ECG monitor. Assessment of autonomic nerve damage was based on the combined results from the previous five tests [11, 15] . Motor nerve conduction studies for both median and tibial nerves bilaterally were done by the Nicolet Viking Quest 4 Channel apparatus (Viasys Healthcare Neurocare Group USA). Laboratory investigations included: glycated hemoglobin level by quantitative calorimetric determination of glycohemoglobin in whole blood, urine analysis and urine culture.
Pelviabdominal ultrasonography was done with particular emphasis on: urinary bladder wall thickness, estimated bladder weight and postvoid residual urine volume. The sonographer was unaware of patient status in respect to neuropathy.
In order to perform uroflowmetry, patients were asked to drink approximately 1 liter of fluid before and another liter on arrival then they were asked to hold their water until comfortably full. Then, they were allowed to pass their urine into the uroflowmeter in privacy. A graphic recording of the uroflow curve was then obtained. Postvoid residual urine volume was routinely measured after voiding by transurethral catheter.
For performing cystometry, patients were asked to lie supine on a couch in order to pass catheters into the bladder and the rectum to measure the intravesical and the intra-abdominal pressures respectively. During the bladder filling phase, bladder sensation, detrusor activity, bladder compliance, urethral function and bladder capacity were assessed. During the voiding phase, the intravesical pressure and flow rate were measured continuously and were recorded on a graph. It was essential that the clinician related the findings to the symptomatic complaints of the patient. In this way the relevance of the results could be assessed [16] . Both uroflowmetry and cystometry were performed using the Dantec Duet apparatus (Medtronic, USA).
STATISTICAL ANALYSIS
Data were collected, coded, tabulated then analyzed using SPSS® v12.0 computer software. Numerical va-riables were presented as mean and standard deviation (SD) while categorical variables were presented as number of cases and percent. Comparisons of numerical variables were performed with unpaired student "t" test or one way ANOVA, whenever appropriate. Comparisons of categorical variables were performed by Fisher's exact test or Chi-square test, whenever appropriate. Correlations between variables were estimated by Pearson correlation coefficient. Any difference with p value < 0.05 was considered statistically significant.
RESULTS
In our study, comparing patients' demography and diabetes duration, the neuropathy patients had significantly higher age and duration of diabetes than the non-neuropathy patients. However, there was no significant difference regarding the sex distribution ( Table 1) .
It was remarkable that only two thirds of patients with diabetic neuropathy (autonomic and/or somatic neuropathy) complained of neuropathy symptoms; while the remaining one third did not complain of any symptoms suggestive of diabetic neuropathy. The experience of lower urinary tract symptoms (both the obstructive and overactive symptoms) was significantly more frequent in the neuropathy than the non-neuropathy diabetic patients. One fifth of the diabetic neuropathy patients suffered from the obstructive urinary symptoms while no one of the non-neuropathy group suffered from these symptoms ( Table 2) .
The mean value of bladder wall thickness was nearly the same in both neuropathy and non-neuropathy diabetic patients. Similarly, the mean increase in estimated bladder weight in patients with neuropathy and those without was close. However, the mean value of residual urine volume was significantly higher in patients with neuropathy than in patients without as shown in Table 2 .
Although only 9.5% of patients with diabetic neuropathy and 18.2% of the non-neuropathy groups had diminished maximum flow rate in their uroflowmetry study, all of them were found to have abnormal findings in their urodynamic tests (both invasive and non-invasive tests) and no one had completely normal urodynamic test results. Hypercompliant bladder was the most common finding in those diabetic neuropathy patients, whereas hypocompliance of the bladder was the least common finding as shown in Table 3 .
Regarding the uroflowmetry results, the mean values of maximum flow rate, average flow rate and voiding time were slightly higher in patients with neuropathy than in patients without. Meanwhile, the mean value of voiding volume was significantly higher in patients with neuropathy than in patients without neuropathy. Pressure flow studies disclosed that the mean value of maximum cystometric capacity was higher in patients with neuropathy than in patients without neuropathy; but this wasn't statistically significant. The mean value of bladder compliance was significantly higher in patients with neuropathy than in patients without neuropathy ( Table 3) . There was no significant difference between the neuropathy and the non-neuropathy groups regarding the bladder sensation, overactivity, contractility or outlet obstruction. However, two diabetic patients with neuropathy (8%) had complete absence of bladder sensation; while no patient without neuropathy had absence of bladder sensation. Similarly, acontractile detrusor was found in one diabetic patient with neuropathy (4.7%) but not found in any non-neuropathy patient.
The duration of diabetes was found to be significantly related to the ultrasound (U/S) estimated bladder wall thickness and residual urine volume (p < 0.05). On the other hand, it was not significantly related to the U/S estimated increase in bladder weight. Moreover, the diabetes duration was not significantly related to any uroflowmetry or urodynamic parameter as shown in Table 4 .
HbA1c mean values were not significantly different in patients suffering from autonomic neuropathy and delayed NCV as compared to those who did not, and was not found to be significantly related to the U/S findings, uroflow findings or cystometry findings.
DISCUSSION
In the present study, the mean values of age and disease duration were significantly higher in patients with neuropathy than in patients without neuropathy. The fact that diabetic microvascular complications, including neuropathy, are usually long term complications requiring longer disease duration can explain that [17] [18] [19] [20] [21] . There was no gender difference between the two studied groups as sex is not a recognized predisposing factor for development of diabetic neuropathy [18] . This is in Tab le 1. Comparison of demographic data and diabetes duration between patients with neuropathy and patients without neuropathy.
Control patients (20)
Neuropathy [22] who studied 129 children with Type 1 diabetes in a longitudinal study for the evolution of microvascular disease and detected no pubertal or sex effect on the development of diabetic autonomic neuropathy. On analyzing patients' symptoms, it was remarkable to find that one third of diabetic patients suffering from neuropathy had no symptoms suggestive of somatic or autonomic neuropathy at all. This is in accord with other studies which proved that patients with diabetic neuropathy were rarely symptomatic but their physical examination revealed mild to moderately severe sensory loss [21, 23] . Lower urinary tract symptoms, particularly the obstructive symptoms, occurred more frequently in patients with diabetic neuropathy than diabetic patients without neuropathy. This was statistically significant and agreed with Blaivas [24] who documented that the obstructive urinary symptoms (straining, intermittency, postvoid dribbling and weak stream) occur in diabetic patients due to denervation of the bladder and poor detrusor contractility.
Ultrasonography provided a simple non-invasive method for assessment of urologic complications in our studied patients. The mean value of ultrasound estimated residual urine volume was significantly higher in patients with diabetic neuropathy than those without. This is consistent with other studies where the presence of residual urine was strongly associated with peripheral neuropathy [25, 26] . However, the mean values of ultrasound estimated bladder wall thickness and increase in bladder weight in patients with diabetic neuropathy were close to those of patients without neuropathy. This is in agreement with Szabo et al. [27] . The increase in bladder weight and thickness in both patients' groups can be attributed to diabetes itself as a compensatory mechanism to hyperglycemia and polyuria.
Uroflowmetry was abnormal in small number of patients in each group; and thus it could not detect the abnormal bladder function that was actually present in all of them. This finding is in accord with Szabo and Fegyverneki [28] .
Analysis of the results of urodynamic testing revealed that all studied patients with diabetic neuropathy had abnormal urodynamic test results of variable types; though only 36.7% of them reported lower urinary tract symptoms. This finding may indicate that diabetic neuropathy is strongly related to the presence of diabetic cystopathy; which can occur silently in the course of diabetes and symptoms do not appear until the disease is in advanced stage. The bladder hypercompliance was the most frequent abnormal urodynamic finding present in diabetic neuropathy patients. In addition, the mean value of bladder compliance was significantly higher in patients with neuropathy than in patients without neuropathy. This is consistent with a previous study which found that increased bladder compliance was an important factor in diabetic cystopathy [29] . The mean value of voided volume was significantly higher in patients with neuropathy than in patients without. This is in agreement with Barkai and Szabo [17] who found that voided volumes were higher in diabetic patients with cardiac autonomic dysfunction than in those without. The impaired diabetic bladder sensation, that allows accumulation of abnormally large volume of urine before the desire is felt, may be the cause. The other urodynamic findings, which are diminished bladder sensation, weak detrusor contractility, detrusor overactivity and bladder outlet obstruction, were found in both diabetic patients' groups with no significant difference. Yet, the complete absence of bladder sensation and contractility was found only in diabetic patients with neuropathy. The latter finding may indicate that the presence of diabetic neuropathy is associated with the severity of bladder dysfunction. The presence of diminished bladder sensation in patients of the nonneuropathy group may suggest the presence of subclinical autonomic neuropathy that could not be detected. A similar finding was discovered by Barkai and Szabo [17] .
The detrusor overactivity and the weak bladder contractility found in patients without neuropathy may be also explained by the presence of subclinical autonomic dysfunction or the presence of myogenic factors rather than neuropathic factors i.e. there is initial adaptation of the diabetic bladder to polyuria by compensatory increase in detrusor activity independent to the presence of neuropathy [7] . Then after a while, chronic overstretching of the bladder may cause myogenic detrusor hypocontractility [9] . This is in agreement with Ueda et al. [26] who found that diabetic patients had weaker bladder contractility compared to healthy controls and this weakness was more pronounced in those without autonomic neuropathy. As regards the bladder outlet obstruction found in non-neuropathy patients, it can also be explained by the presence of subclinical neuropathy affecting the innervation of the external urethral sphincter and leading to detrusor sphincter dyssynergia.
Studying the relationship between the diabetes duration and diabetic cystopathy, it was found that the duration of diabetes was significantly related to the increased U/S estimated bladder wall thickness and residual urine volume (p < 0.05); but it was not related to any urodynamic finding indicating that disturbed bladder function may be independent of the duration of diabetes. This is in concordance with the formerly mentioned study of Karavanaki et al. [22] which had findings suggesting that autonomic function can be impaired independent of diabetes duration.
HbA1c is a good indicator of the state of glycemic control. Yet, our patients' mean values of HbA1c were not related to the presence of neuropathy, ultrasound or urodynamic abnormalities. This might be attributed to the fact that HbA1c was done once during the course of the study as most of the patients were non-compliant and had no regular record of their HbA1c values.
CONCLUSION
It is important to note that our study encountered many obstacles that limited the recruitment of larger numbers of patients. These obstacles included financial limitations due to the high cost of urodynamic testing and ethical limitations due to refusal of many patients to complete the urodynamic tests. The lack of background of the early effects of diabetes on the urinary bladder and the fear of invasiveness of the urethral catheter discouraged many patients to join the study. In conclusion, diabetic neuropathy is strongly related to the presence of urodynamic abnormalities of any kind, particularly the bladder hypercompliance. Some diabetic patients may have urodynamic abnormalities in absence of evident neuropathy. This may be due to subclinical autonomic neuropathy, occurrence of dysfunction of the bladder innervations independent of cardiovascular autonomic dysfunction or direct myogenic effect of hyperglycemia and polyuria on the detrusor muscle.
